
Team Problem 13

3-D Non-Linear Magnetostatic Model

1. General Description

The model is shown in Fig.1. An exciting coil is set between two steel channels, and a
steel plate is inserted between the channels. The coil is excited by dc current. The
ampere turns are 1000 and 3000 AT which is sufficient to saturate the steel.
The problem is to calculate magnetic fields at various positions.

2.   Analyzed Region and Boundary Conditions

If the symmetrical and periodic boundary conditions[l] can be used, the 1/4 region
shown in Fig.2(a) is enough to be analyzed. The analysis of 1/2 region shown in
Fig.2(b) using only symmetrical boundary condition is also acceptable.

3.   Mesh Description

The mesh is not specified.

4.   Nonlinearity

The B-H curve of the steel shown in Fig.3 is to be used. The typical values of B(T) and
H(A/m) are also shown in Fig.3. The curve for high flux densities (B>1.8T) should be
approximated by Eq.(1):

B=µ0H + (aH2 + bH + c) (1.8≤B≤2.22T)
(1)

B=µ0H + Ms (B≥2.22T)

where µ0 is the permeability of free space. The constants a, b and c are
−2.381x10−10, 2.327x10−5, and 1.590 respectively. Ms is the saturation magnetization
(2.16T) of the steel. Equation (1) shows that the steel part is assumed to be completely
saturated when B is higher than 2.22T.

5.   Quantities and Distributions to be Calculated

5a. Points where flux densities are compared
To compare results, please complete Tables 1, 2 and 3. Fig.4 shows the specified
positions for average flux density in the steel and flux density in the air. Fig.5 shows the

recommended points to be compared. The points 1  to 4  are for comparison
between various numerical methods of analysis. The points



where large errors may occur, such as due to large flux density changes, are chosen.

The points 5  to 8  show the recommended points to be compared with experiment.
Around these points, flux densities can be measured accurately because the gradient of
flux density is not so high.

5b. Distributions of flux density vectors
Distributions  of flux density vectors on the x-y plane at z=63.2mm, and on the y-z
plane at x=0mm are to be presented.

6.   Description of Computer Program

To compare formulations, variables, etc., please complete Table 4. The used memory in
the item No.17 in Table 4 is defined as the sum of dimensions declared in the program.
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Fig. 1. 3-D nonlinear magnetostatic model



Fig. 2. Analyzed region



Fig. 3. B-H curve of steel



Fig. 4. Specified positions for flux density (see Tables 1 and 2)



Fig. 5. Recommended points to be compared (see Table 1, 2, and 3)



Table 1 Average flux density |B| (T) in the steel (see Fig.4)

coordinates (mm) ampere turn (AT)
No. x y z 1000 3000
1
2
3
4
5
6
7

0.0≤x≤1.6 −25.0≤y≤25.0

0.0
10.0
20.0
30.0
40.0
50.0
60.0

8
9

10
11
12
13
14
15
16
17
18

2.1
10.0
20.0
30.0
40.0

50.0
60.0
80.0

100.0
110.0
122.1

15.0≤y≤65.0 60.0≤z≤63.2

19
20
21
22
23
24
25

122.1≤x≤125.3 15.0≤y≤65.0

60.0
50.0
40.0
30.0
20.0
10.0
0.0



Table 2 Flux density |B| (T) (see Fig.4)

No. coordinates (mm) ampere turn (AT)
x y z 1000 3000

26
27
28
29
30
31
32
33
34
35
36

10.0
20.0
30.0
40.0
50.0
60.0
70.0
80.0
90.0

100.0
110.0

20.0 55.0

Table 3 Flux density |B| (T) (see Fig.5)

coordinates (mm) ampere turn (AT)
No. x y z 1000 3000
1

2

3

4

2.2

2.0

1.5

1.5

15.1

14.9

0.0

0.0

60.1

50.9

55.0

25.0

  to  are for comparison between various numerical methods of analysis. The points
where large errors may occur, such as due to large flux density changes, are chosen.

The points 5  to 8  show the recommended po



Table 4  Description of computer program

No. Item Specification

1 Code name

2 Formulation 1. FEM  (Finite Element Method)
2. BEM  (Boundary Element Method)
3. IEM  (Integral Equation Method)
4. FDM  (Finite Difference Method)
5. combination (           +                 )
6. others (                                  )

(Please write references
  in item No.18)

3 Governing equations

4 Solution variables

5 Gauge condition 1. not imposed
2. imposed
(a) impose the condition on

governing equations directly
(b) penalty function method
(c) Lagrange multiplier method
(d) others (                                )

(Please write references
  in item No.18)

6 Fraction of geometry 1. 1/4 [1]
2. 1/2

7 Technique for non-linear
problem[2]

1 Newton-Raphson method [3]
2. Modified Newton-Raphson-method
3. Incremental method
4. SOR[4]
5. others (                                       )

(Please write references
 in item No.18)

Convergence criterion



Table 4  Description of computer program (continued)
No. Item Specification
8 Approximation method of B-

H curve
1. spline
2. Akima[5]
3. straight lines
4. others(                                                               )

(please write references
in item No.18)

9 Technique for open boundary
problem [6]

1. truncation
2. mapping
3. ballooning
4. Zienkiewicz's infinite element
5. Tong’s infinite element[7]
6. BEM or IEM
7. others (                                                                )

(please write references
in item No.18)

10 Calculation method of
magnetic field produced by
exciting current

1. Biot-Savart law (analytical)
2. Biot-Savart law (numerical)
3. taking into account exciting current in

governing equations directly
11 Property of coefficient matrix

of linear equations
1. symmetric

(la) sparse
(lb) full

2. asymmetric
(2a) sparse
(2b) full

3. combination
12 Solution method for linear

equations
1. ICCG
2. ILUBCG

3. ILUCGS[7]
4. SOR
5. LDLT

6. LU
7. Gauss elimination method
8. others (                                                                )

(please write references
in item No.18)

Convergence criterion for
iteration method



Table 4  Description of computer program (continued)
No. Item Specification
13 Element type 1. tetrahedron

2. triangular prism
3. hexahedron
4. triangle
5. rectangle
6. others (                                                                )

(please write references
in item No.18)

1. nodal element (    nodes    )
2. edge  element (    edges    )[9]

14 Number of elements

15 Number of nodes

16 Number of unknowns

17 Computer name

speed (MIPS), (MFLOPS).

main memory
(MB)

used memory
(MB)

precision of data (bits)

CPU time (sec) total

solving linear equations

18 References on Nos.1 to 13, etc.



Average flux density |B| in steel plate (1OOOAT, measured)
coordinates (mm) average flux density |B|(T)

No. x y z G=0.52(mm) G=0.47(mm)
1
2
3
4
5
6
7

0.0≤x≤1.6 −25.0≤y≤25.0

0.0
10.0
20.0
30.0
40.0
50.0
60.0

1.333
1.329
1.286
1.225
1.129
0.985
0.655

1.354
1.339
1.304
1.245
1.138
0.982
0.674

8
9
10
11
12
13
14
15
16
17
18

2.1
10.0
20.0
30.0
40.0
50.0
60.0
80.0
100.0
110.0
122.1

15.0≤y≤65.0 60.0≤z≤63.2

0.259
0.453
0.554
0.637
0.698
0.755
0.809
0.901
0.945
0.954
0.956

0.263
0.451
0.563
0.641
0.706
0.763
0.819
0.907
0.958
0.968
0.968

19
20
21
22
23
24
25

122.1≤x≤125.3 15.0≤y≤65.0

60.0
50.0
40.0
30.0
20.0
10.0
0.0

0.960
0.965
0.970
0.974
0.981
0.984
0.985

0.971
0.973
0.982
0.985
0.991
0.995
0.995






